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$W SUHVHQW WKH RWKHU XSWRGDWH DSSURDFKHV LQ PDWKHPDWLFDO PHWKRGV VWDUW WR DSSHDU LQ QXPHURXV VWXGLHV RU
VFLHQWLILFWKHVHV,WLVSULPDULO\EDVHGRQWKHJURZLQJGHPDQGVRQWKHLQIRUPDWLRQWHFKQRORJ\7KHV\VWHPVSURPRWLQJ
WKHGHFLVLRQPDNLQJDQGWKHRWKHUVLPXODWLRQPHWKRGVPD\EHXVHGLQPDQ\SURFHVVHVLQWKHDUHDRIPXOWLFULWHULD
HYDOXDWLRQRIDOWHUQDWLYHVKRZHYHUPDQ\RIWKHVHKLJKO\GHPDQGLQJSURFHVVHVFDQQRWEHHIIHFWLYHO\DSSOLHGGXHWR
WKHFRPSOH[LW\RIWKHFRQVLGHUHGVXEMHFW
+HUHDUHEULHIH[DPSOHVZKLFKKDYHEHHQGHDOWZLWKLQWKHZRUOGVRIDU7KHWUDQVSRUWFRPSDQ\RI1HZ=HDODQG
SURYLGLQJWKHSXEOLFWUDQVSRUWVHUYLFHVDSSOLHGWKHRSHUDWLRQDOUHVHDUFKPHWKRGVWRXVHLWVPRWRUYHKLFOHIOHHWPRUH
HIILFLHQWO\:KLOHNHHSLQJWKHSURYLGHGVHUYLFHFDSDFLW\WKLVFRPSDQ\PDQDJHGWRUHGXFHWKHQXPEHURIRSHUDWLQJ
YHKLFOHVE\XSWRWRVDYHDFRQVLGHUDEOHDPRXQWRIILQDQFLDOPHDQV6LPLODUH[DPSOHVFDQEHIRXQGDWPRVWRI
:HVWHUQ (XURSHDQ WUDQVSRUW FRPSDQLHV VXFK DV LQ =XULFK %HUQ HWF &DQDGD VROYLQJ WKH LPSOHPHQWDWLRQ RI WKH
RSWLPXPWUDQVIHURISDVVHQJHUVXVLQJWKHOLQHDUSURJUDPPLQJ$OVRVRPHUHVHDUFKLQVWLWXWHVRUXQLYHUVLWLHVGHDOZLWK
FHUWDLQDVSHFWVRIWKHWUDQVSRUWOLQHSURMHFWDQGWKHFRRUGLQDWLRQRIVXFKOLQHVVXFKDV8QLYHUVLW\RIäLOLQD&]HFK
7HFKQLFDO8QLYHUVLW\RI3UDJXH-DQ3HUQHU7UDQVSRUW)DFXOW\RI8QLYHUVLW\RI3DUGXELFHDQG7HFKQLFDO&ROOHJHLQ
'UHVGHQ*HUPDQ\
0DWKHPDWLFDOPRGHORIWKHSUREOHPDQGLWVVROXWLRQ
7RSURSRVH OLQN OLQHV WKHPHWKRGRI OLQHDUSURJUDPPLQJZDVFKRVHQVSHFLILFDOO\ WKHDOJRULWKPWRVROYH WKH
WUDQVSRUWSUREOHPXVHGIRUVROYLQJWKHDVVLJQPHQWSUREOHP7KLVPHWKRGZDVFKRVHQLQRUGHUWRVDYHFRVWVZKLFK
ZRXOGKDYHEHHQPXFKKLJKHULIRWKHUPRGHOVKDGEHHQFKRVHQWRVROYHWKHVDPHSUREOHPHJ9,6(9$9,680
0RGDO6SOLW>@
2.1 Mathematical model of the assignment problem  
2SWLPL]DWLRQRI WUDQVSRUW OLQNV LQSXEOLF WUDQVSRUW FDQEH IRUPXODWHG DQG VROYHG DV DQ DVVLJQPHQW LQZKLFK
LQGLYLGXDOGLVWULFWVDUH UHJDUGHGERWKDV VRXUFHVDQGGHVWLQDWLRQV7KH UDWHVDUH VXPVRI WKH LGHQWLILHGVRXUFHDQG
GHVWLQDWLRQWUDIILFLQWHQVLWLHVEHWZHHQDQ\WZRGLVWULFWV,QRUGHUWRDYRLGDVVLJQLQJWKHVDPHWZRGLVWULFWVVRFDOOHG
SURKLELWLYHUDWHVZHUHFKRVHQRQWKHPDLQGLDJRQDOVHHTable 27KHFULWHULRQRIRSWLPDOLW\LVWKHPD[LPL]DWLRQRI
WKHWRWDOQXPEHURISDVVHQJHUVWUDQVSRUWHGZLWKRXWWUDQVIHU7KHPDWKHPDWLFDOPRGHORIWKHSUREOHPKDVWKHIROORZLQJ
IRUP>@7RPD[LPL]H
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7KHDVVLJQPHQWSUREOHPLVXVXDOO\VROYHGE\WKHVRFDOOHG+XQJDULDQPHWKRGVHHHJ>@'XHWRVRIWZDUH
RSWLRQVWKHFRQVLGHUHGDVVLJQPHQWSUREOHPZDVVROYHGDVDWUDQVSRUWDWLRQSUREOHPXVLQJWKH'XPNRVDSURJUDPDQ
DGGLQ;/$FUHDWHGE\WKH'HSDUWPHQWRI2SHUDWLRQDODQG6\VWHPV$QDO\VLVDW3()ý=8LQ3UDJXH$VIROORZV
IURPWKHWKHRU\RIOLQHDUSURJUDPPLQJWKHVROXWLRQRIDQDVVLJQPHQWSUREOHPREWDLQHGE\PHWKRGVIRUVROYLQJWKH
WUDQVSRUWSUREOHPLVJUHDWO\GHJHQHUDWHG&RPSOHWLQJWKHQXPEHURIRFFXSLHGER[HVWRWKHQXPEHUUHTXLUHGIRUDQRQ
GHJHQHUDWHGVROXWLRQLVXVXDOO\GRQHXVLQJDQHJOLJLEO\VPDOODPRXQWRI(367KHV\PERO$/7LQVRPHILHOGVPHDQV
WKDWE\ILOOLQJWKLVILHOGZHZRXOGREWDLQWKHHTXLYDOHQWRSWLPDOVROXWLRQZLWKWKHVDPHYDOXHRIWKHREMHFWLYHIXQFWLRQ
VHHTables 3-68VLQJWKH'XPNRVDSURJUDPILUVWJUDGHWUDQVSRUWIORZVZHUHREWDLQHGWKHVWURQJHVWOLQNVEHWZHHQ
KXEVVHHTable 37KHDOJRULWKPKRZHYHU VXJJHVWVVXFKFRQQHFWLRQVVRDVDWDJLYHQPRPHQW WKHYDOXHRI WKH
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REMHFWLYHIXQFWLRQWKHVXPRIDOOWUDQVSRUWHGSDVVHQJHUVZLWKRXWWUDQVIHULVDWLWVPD[LPXP>@
7KHSURFHGXUHZDVWKHQUHSHDWHGWLPHV7KHSURFHGXUHZDVDOZD\VWKHVDPHEXWIXUWKHUSURKLELWLYHUDWHVZHUH
SXWLQWRWKHSODFHVRIDVVLJQLQJUDWHV$VDUHVXOWWUDQVSRUWIORZVZHUHREWDLQHGVHHTables 3 - 6ZKLFKDUHPDUNHG
IRUVLPSOLFLW\¶VVDNH,WLVQHFHVVDU\WRSRLQWRXWWKDWWKHILUVWJUDGHLVWKHPRVWVLJQLILFDQW
,W LV DOVRYHU\ LPSRUWDQW WR UHDOL]H WKDW WKHREWDLQHGJUDGHVRI WUDQVSRUW IORZV DUHQRW FRPSDUDEOHJLYHQ WKH
LPSRUWDQFHRIWKHLQGLYLGXDOGLVWULFWV)RUWKLVUHDVRQLWLVQHFHVVDU\LQWKHFDVHRIDODUJHGLVWULFWHVWDWHWRFRQVLGHU
HYHU\WUDQVSRUWJUDGHDVVLJQLILFDQWZKHUHDVLQWKHFDVHRIDZHDNWUDQVSRUWGLVWULFWHJ+DYOLFNRYD.RORQLHLWLV
SRVVLEOHWRFRQVLGHURQO\WKHILUVWDQGSRVVLEO\WKHVHFRQGJUDGHWUDQVSRUWIORZV7KHSURSRVHGDOORFDWLRQRIGLVWULFWV
UHSUHVHQWVWKHEHVWGLUHFWOLQNVDFFRUGLQJWRWKHVHOHFWHGPDWKHPDWLFDOPRGHO>±@$VLWXDWLRQZKHUHLQGLYLGXDO
WUDQVSRUWIORZVFRPHWRJHWKHURUFRLQFLGHLVYHU\FUXFLDOLQWKLVFRQWH[W$W\SLFDOFDVHRIWKLVRFFXUVLQGLVWULFWV$
DQG67DEOH

7DEOH$GMXVWHGPDWUL[WKHVXPRIWKHVRXUFHDQGGHVWLQDWLRQWUDIILFLQWHQVLWLHV


7KHSURSRVHGGLUHFWWUDQVSRUWOLQNVUHSUHVHQWWKHEHVWGLUHFWOLQNOLQHVRISXEOLFWUDQVSRUWLQýHVNp%XGČMRYLFH
ZKLOHUHVSHFWLQJWKHFULWHULRQRIRSWLPDOLW\ZKHUHWKHPD[LPXPQXPEHURISDVVHQJHU¶VWUDYHODUHGLUHFWDQGZLWKRXW
WUDQVIHUULQJ)RU WKRVH WUDQVIHUULQJ LW LV SURSRVHG WRPLQLPL]HZDLWLQJ WLPHVEDVHGRQ WUDQVSRUW WKHRU\  OLPLWLQJ
SDUDOOHOOLQHVIROORZLQJWKHVDPHVWUHWFKHVWRGLIIHUHQWGHVWLQDWLRQV)XUWKHUPRUHVXLWDEOHWUDQVIHUWHUPLQDOVFDQEH
UHDGRXWRIWKHPRGHOTable 36>±@

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7DEOH$GMXVWHGWDEOHWKHVXPRIWKHVRXUFHDQGGHVWLQDWLRQWUDIILFLQWHQVLWLHVSURKLELWLYHUDWHVRQWKHPDLQGLDJRQDO


7DEOH2SWLPDOVROXWLRQRIWKHWUDQVSRUWPRGHO)LUVWJUDGHGLUHFWLRQDOWUDQVSRUWIORZV

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7DEOH2SWLPDOVROXWLRQRIWKHWUDQVSRUWPRGHO±6HFRQGJUDGHGLUHFWLRQDOWUDQVSRUWIORZV


7DEOH2SWLPDOVROXWLRQRIWKHWUDQVSRUWPRGHO±7KLUGJUDGHGLUHFWLRQDOWUDQVSRUWIORZV

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7DEOH2SWLPDOVROXWLRQRIWKHWUDQVSRUWPRGHO±)RXUWKJUDGHGLUHFWLRQDOWUDQVSRUWVWHDPV


$FFRUGLQJWRWKHDERYHPHQWLRQHGPDWKHPDWLFDODOJRULWKPWUDQVSRUWIORZJUDGHVZHUHLGHQWLILHG>@)LJXUH
VKRZVWKHWRWDOQXPEHURISDVVHQJHUVDFFRUGLQJWRWUDQVSRUWGLVWULFWLQýHVNp%XGČMRYLFH
2.2 Determination of the significance of the districts 
7RFRQQHFWWKHYDULRXVSURSRVHGWUDQVSRUWOLQNVWRVSHFLILFOLQHVRIXUEDQDQGVXEXUEDQWUDQVSRUWLWLVQHFHVVDU\
WRGHWHUPLQHWKHVLJQLILFDQFHRIWKHGLVWULFW,WVSHFLILFDOO\GHWHUPLQHVKRZWKHGHFLVLRQPDNHUVKRXOGLQWHUFRQQHFWWKH
GLUHFWOLQNVEHWZHHQLQGLYLGXDOGLVWULFWVSURSRVHGE\WKHPDWKHPDWLFDOPRGHODQGKRZPDQ\OLQNVDUHQHHGHGWRVHUYH
WKHGLVWULFWV7KHVLJQLILFDQFHRIWKHGLVWULFWVLVGHWHUPLQHGE\WKHVXPRIVRXUFHDQGGHVWLQDWLRQIORZVVHHTable 7
7KHREWDLQHGYDOXHLVWKHQXPEHURISDVVHQJHUVZKRWUDYHOOHGfrom, toRUinWKHGLVWULFW>±@
7DEOH1XPEHURISDVVHQJHUVIURPWRDQGLQWKHGLVWULFW
$ % & ' ( ) * + , - . / 0
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
6XEVHTXHQWO\WKHLQGLYLGXDOWUDQVSRUWGLVWULFWVZHUHGLYLGHGLQWRFODVVHVDFFRUGLQJWRWKHLUVLJQLILFDQFH7DE
7DEOH'HWHUPLQDWLRQRIWKHVLJQLILFDQFHRIWUDQVSRUWGLVWULFWV
$ 0 1 - 7 , 6 & 5 ; 9 ( 8
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6XEVHTXHQWO\WKHGHFLVLRQPDNHUPXVWFRQVLGHUWKHRYHUDOOVWUHWFKLQWHQVLWLHVEHWZHHQLQGLYLGXDOGLVWULFWV7KHQLWLV
SRVVLEOHWRJUDGXDOO\NQLWWRJHWKHUWKHYDULRXVSURSRVHGGLUHFWOLQNVDQGVXJJHVWOLQNURXWLQJ>@
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
)LJXUH7RWDOQXPEHUVRISDVVHQJHUVEHWZHHQGLVWULFWV
2.3 Comprehensive proposal for the routing of links of urban and suburban transport lines 
%DVHGRQWKHUHVXOWVRIWKHPDWKHPDWLFDOPRGHOWKHGLVWULEXWLRQRIGLUHFWWUDQVSRUWOLQNVZDVGHWHUPLQHG,WZDV
QHFHVVDU\WRPRYHIURPWKHVWDJHZKHQWKHLQGLYLGXDOIORZVDUHSURSRVHGXVLQJDPDWKHPDWLFDOPRGHOWRWKHVWDJH
ZKHUH IURP D QXPEHU RI SURSRVHG RSWLRQV VXFK RSWLRQV PXVW EH VHOHFWHG ZKLFK IROORZ RQ IURP WKH WUDQVSRUW
VLJQLILFDQFHRIDGLVWULFWVWDWHGE\WKHGHFLVLRQPDNHUIURPWKHVWUHWFKLQWHQVLW\EHWZHHQGLVWULFWVDQGIURPEDVLF
WUDQVSRUWSULQFLSOHVHVSHFLDOO\WKHFODVVLFDOWKHRU\RIWUDQVSRUW>@
7KLV SURFHGXUH DOVR UHTXLUHV WKH XVH RI FRPPRQ VHQVH H[SHULHQFH DQG WKH NQRZOHGJHRI WKH KLVWRU\ RI WKH
WUDQVSRUWV\VWHP,WLVWKHUHIRUHQHFHVVDU\WRDOVRDSSO\WKHSHUVRQDODSSURDFKRIWKHGHFLVLRQPDNHU,WVKRXOGEHQRWHG
WKDWDVSDUWRIWKHGHFLVLRQPDNLQJSURFHVVLWLVDOVRQHFHVVDU\WRWDNHLQWRDFFRXQWWKHV\VWHPRIWUROOH\EXVWUDQVSRUW
HVSHFLDOO\WKHH[LVWLQJWUROOH\EXVQHWZRUN>@
9DOLGDWLRQRIWKHPRGHORQDVSHFLILFFDVHVROXWLRQLQSUDFWLFH
7KHODVWWUDQVSRUWVXUYH\WREHFRQGXFWHGZDVLQDQGRQWKHEDVLVRILWVILQGLQJVWKH7UDQVSRUW&RPSDQ\RIýHVNp
%XGČMRYLFH'3&%DVGHYHORSHGDFRPSUHKHQVLYHQHZWUDQVSRUWV\VWHPLQWKHFLW\7RWKHSUHVHQWGD\QRRQHKDV
EHHQGHDOW LQGHWDLOZLWK WKH SUREOHPRI URXWLQJ OLQNV UHVHDUFK FDUULHGRXW E\ WKH8QLYHUVLW\RI7HFKQRORJ\ DQG
(FRQRPLFVLQýHVNp%XGČMRYLFH>±@:LWKLQWKHIUDPHZRUNRIWKHUHVHDUFKSURMHFWEDVHGRQWKH
WUDIILFVXUYH\DQGPDWKHPDWLFDOVROXWLRQRIWKHSUREOHPVHYHUDOFRQFOXVLRQVZHUHGUDZQVLWXDWLRQLQYV
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3.1 Model confirmed the correctness of the current routing of some lines [8, 9] 
D/LQH+DNORY\'YRU\±0iM±(5RãLFNpKR±9êVWDYLãWČ±3ROLNOLQLND6HYHU±6HQRYiåQpQiPČVWt±1iGUDåt
±9UiWR±5XGROIRY±5XGROIRYVHHOLQH%
7KHFRUUHFWURXWLQJRIWKLVOLQHZDVFRQILUPHGHVSHFLDOO\WKHVWUHWFKIURP0iMWR9UiWR7KLVUHVXOWFRQILUPHGDQG
VLJQLILFDQWO\VXSSRUWHGWKHIDFWWKDWWKLVVHFWLRQRIWKHOLQHZLOOEHURXWHGDVDVHSDUDWHOLQHDQGZLOOEHFRPHD
VHSDUDWHWUROOH\EXVOLQHLQWKHQRWWRRGLVWDQWIXWXUH$WSUHVHQWSURMHFWVDUHEHLQJSUHSDUHGLQRUGHUWRILQDQFHWKH
FRQVWUXFWLRQRIWKHWUROOH\EXVOLQHZLWK(8IXQGV,Q9UiWRDQHZWUDQVIHUWHUPLQDOZLOOEHFUHDWHGDQGWUDQVSRUW
VHUYLFHVWRDQGIURP5XGROIRYZLOOEHSURYLGHGLQWKHIRUPRIIROORZRQEXVWUDQVSRUW
E/LQH0iM$%DUFDOD±âXPDYD±9êVWDYLãWČ±3ROLNOLQLND6HYHU±6HQRYiåQpQiPČVWt±1iGUDåtVHHOLQH
$7KLVOLQHZDVLPSOHPHQWHGRQWKHEDVLVRIDSURSRVDO,WZDVGHFLGHGWRURXWHLWLQDUDGLDOOLQHDQGWRDGMXVWWKH
WLPHWDEOHLQOLQHZLWKWKHVWUHQJWKRIWKHWUDQVSRUWIORZWRIRXUPLQXWHLQWHUYDOVDWSHDNWLPHV
F/LQH0iM$%DUFDOD±'XEHQVNi±9êVWDYLãWČ±3ROLNOLQLND-LK±1iPČVWt%UDWĜtýDSNĤ±9þHOQi±%RUãRY
QDG9OWDYRX±=DKRUþLFH±.URFORY±-DPQpVHHOLQH&
7KHFRUUHFWQHVVRIWKHURXWLQJRIWKLVOLQHZDVFRQILUPHGIRUWKHEDVLFVWUHWFK0iM1iP%UDWĜtýDSNĤ7KHRWKHU
FRQQHFWLRQVDUHGHSHQGHQWRQWKHUHTXLUHPHQWVRIWKHRWKHUFRPPXQLWLHV+DOIRIWKHFRQQHFWLRQVHQGDWWKH1iP
%UDWĜtýDSNĤVWRS7KLVWDQJHQWOLQHKDVJUHDWVLJQLILFDQFHIRUWKHHQWLUHWUDQVSRUWV\VWHPRIWKHFLW\2QWKHEDVLVRI
WKLVSURSRVDOLQWURGXFLQJDVKRUWHQHGOLQHLVDQRSWLRQWKDWLVEHLQJJLYHQGXHFRQVLGHUDWLRQ$VDUHVXOWWKHWUDQVSRUW
VHUYLFH WR %RUãRY ZRXOG QHHG WR EH VROYHG GLIIHUHQWO\ 7KH VKRUWHQHG OLQH LV EHLQJ SUHSDUHG IRU WKH SRVVLEOH
LQWURGXFWLRQRIDWUROOH\EXVOLQNLQWKHIXWXUH
G/LQH6WDUp+RGČMRYLFH±1RYp+RGČMRYLFH±0ODGp±1iGUDåt±3DODFNpKRQiPČVWt±'UXåED,*<±3UDåVNp
VtGOLãWČVHHOLQH17KHURXWLQJRIWKLVOLQHZDVFRQILUPHGRYHUWKHHQWLUHW\RIWKHURXWH
H /LQH  9OWDYD ± 9êPČQtN ± 9êVWDYLãWČ ± 3ROLNOLQLND 6HYHU ± 6HQRYiåQp QiPČVWt ± 3ROLNOLQLND -LK ±
1HPRFQLFH±3DStUHQVNiVHHOLQH2
7KHURXWLQJRIWKLVOLQHZDVFRQILUPHGRYHUWKHHQWLUHW\RIWKHURXWH,WVKRXOGEHQRWHGWKDWWKHFKDQJHRIZKHUH
WKHOLQHHQGVZLOOEHLPSOHPHQWHGRQFHWKHWUROOH\EXVOLQNWRýHVNp9UEQpLVFRPSOHWHG7KHPRGHODOVRDSSURYHGWKH
FRUUHFWQHVVRIWKHSODQQHGFRQVWUXFWLRQRIWUROOH\EXVOLQHVWRýHVNp9UEQp
I/LQH+XVRYDNRORQLH±1iGUDåt±6HQRYiåQpQiPČVWt±/LYtQRYLFH±âLQGORY\'YRU\±0RNUpVHHOLQH.
7KHURXWLQJRIWKLVOLQHZDVFRQILUPHGRYHUWKHHQWLUHW\RIWKHURXWH
$ 7KHPRGHOFRQILUPHGWKHFXUUHQWURXWLQJRIVRPHOLQHVLQWKHEXVLHVWVWUHWFKHV>@
D/LQH7KHPRGHO FRQILUPHG WKH URXWLQJRI WKH OLQHRYHU WKHVWUHWFK%RUHN±1HPDQLFH±'UXåED ,*<±
0DULiQVNpQiPČVWt±3ROLNOLQLND6HYHU 1iGUDåt7KHUHPDLQGHURI WKHURXWHIURP1iGUDåtYLD3ROLNOLQLND-LK WR
5RåQRYZDVQRWVXSSRUWHGE\WKHPRGHOVHHOLQH)
E/LQH7KHPRGHOFRQILUPHGWKHURXWLQJRIWKHOLQHRYHUWKHVWUHWFK0iM$%DUFDOD±(5RãLFNpKR±9OWDYD
VWĜHG±6WUDNRQLFNi0g%(/,;VHH5HWDLO=RQH3UDåVNi±+ĜELWRY±2NUXåQt7RþQDVHHOLQH()RUWKHUHVWRIWKH
URXWHWRWKHVWDWLRQWKHPRGHOUHFRPPHQGHGDFRQQHFWLQJEXVZLWKDQH[WHQVLRQWR+DYOtþNRYDNRORQLHVHHOLQH/
F/LQH7KHPRGHOFRQILUPHGURXWLQJRIWKHOLQHRYHUWKHVWUHWFK9OWDYD±6WUDNRQLFNi0g%(/,;VHH5HWDLO
=RQH3UDåVNi±'UXåED,*<±0DULiQVNpQiPČVWt±3ROLNOLQLND6HYHU±6HQRYiåQpQiPČVWt±1iGUDåtVHHOLQH4
7KHFRQWLQXDWLRQRIWKHOLQHRQWR6XFKp9UEQpZDVQRWVXSSRUWHGE\WKHPRGHO
G/LQH7KHPRGHOFRQILUPHGURXWLQJRIWKHOLQHRYHUWKHVWUHWFK0iM$%DUFDOD±(5RãLFNpKR±9OWDYD
VWĜHG6WUDNRQLFNi0g%(/,;VHH5HWDLO=RQH3UDåVNi±'UXåED,*<±0DULiQVNpQiPČVWt±1iGUDåtRQO\ZLWKD
GLYHUVLRQRIWKHOLQHLQWR3HNiUHQVNiVWUHHWWRZDUGV1iGUDåtDQGIXUWKHURQWR3ROLNOLQLND-LKDQGWRWKHHQGVWRSLQ
3DStUHQVNiVWUHHW7KHOLQHUDQZLWKDGLYHUVLRQLQRQO\LQRQHGLUHFWLRQWKHRSSRVLWHGLUHFWLRQZDVVHUYLFHGE\
/LQHRQWKHURXWH9OWDYD±1iGUDåt
% 7KHPRGHOIRXQGLQFRUUHFWURXWLQJRIOLQHV>@
D 7KH RULJLQDO /LQH  ZKLFK UDQ IURP 6XFKp 9UEQp ± 1iGUDåt ± 6HQRYiåQp QiPČVWt ± 3ROLNOLQLND -LK ±
3DStUHQVNiZDV FDQFHOOHG DQGKDVQRWEHHQ UHSODFHGE\DQ\RWKHU OLQH7KHPDWKHPDWLFDOPRGHOSURYHG WKDW WKH
URXWLQJRIWKHOLQHFRUUHVSRQGHGZLWKRQHRIWKHVWURQJHVWWUDQVSRUWUHODWLRQVLQWRZQ,WLVWKHUHIRUHXQGHQLDEOHWKDW
WKHFDQFHOODWLRQRIWKLVOLQHZDVDIDWDOHUURUDQGWKHUHLVDSRRUWUDQVSRUWUHODWLRQVKLSZLWKWKLVDUHD
E7KHRULJLQDO/LQHZKLFKUDQIURPýHVNp9UEQp±9OWDYD±9êVWDYLãWČ±6HQRYiåQpQiPČVWt±3ROLNOLQLND
-LK ±1HPRFQLFH ± 3DStUHQVNiZDV FKDQJHG WR D FRPSOLFDWHG URXWH WKDW GRHV QRWPDWFK DQ\ LPSRUWDQW WUDQVSRUW
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UHODWLRQ7KHOLQHWUDYHOVDURXQGRIWKHFLW\RQURXWHVZKHUHLWLVSRVVLEOHWRUHSODFHWKHPDMRULW\RIWUDQVSRUW
UHODWLRQVZLWKDQRWKHUPRUH IUHTXHQWHGFRQQHFWLRQ7KH OLQHKDVD URXQG WULS WLPHRIRYHUPLQXWHV RQHZD\
MRXUQH\WDNHVPLQXWHV7KHURXWLQJRIWKLVOLQHLVDSSURSULDWHIRUDVPDOOWRZQEXWQRWIRUDFLW\ZLWKRYHU
LQKDELWDQWV
F 7KH RULJLQDO /LQH ZKLFK UDQ WKH FLUFXODU URXWH0iM ±9êVWDYLãWČ ± 3ROLNOLQLND 6HYHU  1iGUDåtZDV
DEROLVKHGDQGUHSODFHGZLWKDGLDPHWULFDOURXWH0iM±9êVWDYLãWČ±3ROLNOLQLND6HYHU±1iGUDåt±6XFKp9UEQpDV
/LQH  7KLV FKDQJH GLVWRUWHG WKH EDODQFH LQ WKH WUDQVSRUW UHODWLRQ 1iGUDåt ±0iM 7KH WHUPLQDWLRQ RI DOO HYHQ
FRQQHFWLRQVDWWKH1iGUDåtEXVVWRSOHGWRVHYHUDOSUREOHPV7KHODUJHVWEXLOWXSDUHDRI6XFKp9UEQpJRWDQLQDGHTXDWH
FRQQHFWLRQZLWKPLQXWH LQWHUYDOVDIWHU\HDUV WKHGLUHFWFRQQHFWLRQEHWZHHQ6XFKp9UEQpDQG5RåQRYZDV
FDQFHOOHGDQGWKHSUREOHPDVFLWHGLQDZDVFUHDWHG2QWRSRIWKLVGXHWRIUHTXHQWWUDIILFFRQJHVWLRQLWRIWHQKDSSHQHG
WKDWWKHSURORQJHGFRQQHFWLRQIURP6XFKp9UEQpZDVVRODWHWKDWLWFDXJKWXSZLWKWKHVKRUWHQHGOLQHZKLFKUDQGXULQJ
WKHPLGGOHRIWKHLQWHUYDOVRQWKHORQJOLQH7KHUHVXOWRIWKLVZDVWKDWWKHLQWHQGHGPLQXWHLQWHUYDOEHFDPHLQUHDOLW\
DPLQXWHLQWHUYDOZKLFKUHVXOWHGLQWZREXVVHVIROORZLQJHDFKRWKHU2QWKHEDVLVRIWKHPDWKHPDWLFDOPRGHOWKH
RULJLQDOFRQQHFWLRQZDVUHQHZHGLQVXFKDZD\WKDW/LQHZDVVKRUWHQHGDQG/LQHUHWXUQHGWRLWVRULJLQDOURXWH
)URP WKH DIRUHPHQWLRQHG IDFWV LW LV FOHDU WKDW WKH UHVXOWV RI WKH WUDIILF VXUYH\  ZLWK WKH VXSSRUW RI
PDWKHPDWLFDOPHWKRGVSURPRWHGSRVLWLYHFKDQJHVLQWKHURXWLQJRIVRPHSXEOLFWUDQVSRUWOLQHVLQýHVNp%XGČMRYLFH
DQGLWVVXUURXQGLQJV
$VVHVVLQJWKHEHQHILWVRIWKHVROXWLRQVIRUWUDQVSRUWSUDFWLFHDQGVFLHQWLILFNQRZOHGJHUHVXOW
7KHPHWKRGLFDOVROXWLRQDSSOLHGLQWKHUHVHDUFKRIWKHWUDQVSRUWPRGHOSURSRVHGZLWKWKHVXSSRUWRIPDWKHPDWLFDO
PHWKRGVUHSUHVHQWVDPRGHUQDSSURDFKWRGHVLJQLQJURXWHVRIOLQHVLQýHVNp%XGČMRYLFHDQGFDQEHDSSOLHGWRDQ\
FLW\SXEOLF WUDQVSRUW V\VWHP7KH LPSOHPHQWHGFKDQJHV UHSUHVHQWD VLJQLILFDQWSRVLWLYHFRQWULEXWLRQ WR WKHRYHUDOO
SXEOLFWUDQVSRUWV\VWHP&RPSDUHGWRWKHQXPEHURISDVVHQJHUVFDUULHGLQFUHDVHGE\DWOHDVWRQWKHURXWH
0iM±1iGUDåtE\PRUHWKDQ7KHV\VWHPLVJUDGXDOO\EHFRPLQJPRUHXVHUIULHQGO\GXHWRWKHLQWURGXFWLRQRI
URXWHVWKDWSDVVHQJHUVXVH>@$QRWKHUEHQHILWLVWKHH[SDQVLRQRIWKHWUROOH\EXVQHWZRUNLQýHVNp%XGČMRYLFH
$QHZWUROOH\EXVOLQHWRýHVNp9UEQpZDVFRPSOHWHGLQ7UDIILFVXUYH\VKDYHKHOSHGWR LGHQWLI\WKHEXVLHVW
URXWHVDQGKHOSHGWRSXWIRUZDUGSURSRVDOVIRUDQHZQLJKWWLPHXUEDQWUDQVSRUWV\VWHP7KHPRVWVWUHWFKHGURXWHVDUH
0iM±1iGUDåt9OWDYD±1iGUDåt6XFKp9UEQp±6HQRYiåQpQiPČVWt1iGUDåt±5RåQRY
)URP WKHSRLQW RIYLHZRI VFLHQWLILFNQRZOHGJH WKH VWXG\ LV DQ H[DPSOHRI FUHDWLYH UHVHDUFK DSSOLHG WR DSXUHO\
SUDFWLFDO SUREOHP ZLWK WKH XVH RI H[DFW PDWKHPDWLFDO PHWKRGV )XUWKHUPRUH UHVHDUFK KDV FRQILUPHG WKDW IRU D
VXFFHVVIXOVROXWLRQWRDQ\SUREOHPLWLVQHFHVVDU\WRNQRZLWVVXEVWDQFHDVZHOODVPRGHUQPHWKRGVIRULWVVROXWLRQ
>@
&RQFOXVLRQ
7KHWKHRUHWLFDODQGSUDFWLFDOSDUWRIWKHDUWLFOHVKRZVWKDWWKHXVHRIPDWKHPDWLFDOPHWKRGVLVQRWQHFHVVDULO\
RQO\DWKHRUHWLFDOSUREOHPXVDEOHRQO\ZKLOHVWXG\LQJDWXQLYHUVLW\RUSXUHO\IRUDFDGHPLFLQWHUHVW
7KHEHQHILWVFLWHGLQWKHSUHYLRXVFKDSWHUDUHTXLWHVLJQLILFDQWDQGLWLVXQGHQLDEOHWKDWUHVHDUFKEULQJVDQHZ
LQVLJKWQRWRQO\ LQWRVRPHPDWKHPDWLFDOPHWKRGVEXWDOVR LQWR WKHSRVVLEOHPDUNHWLQJRUHFRQRPLFDVSHFWVZKHQ
GHVLJQLQJRUPRGLI\LQJWUDQVSRUWPRGHOVQRWRQO\LQSXEOLFWUDQVSRUWVHFWRU
,QWKHHFRQRPLFDQDO\VLVRIWKHSURSRVHGPRGHOLWZDVIRXQGE\VLPXODWHGWLPHWDEOHVEDFNERQHOLQHZLWKSHDN
LQWHUYDOVRIPLQRUPLQWKUHVKROGVDQGHYHQLQJWUDIILFIURPWRPLQRWKHUOLQHVDFFRUGLQJWRUHTXLUHPHQWV
RIWKHUHOHYDQWPXQLFLSDOLWLHVWKDWWKHSURSRVHGRSHUDWLRQLQYHKLFOHNLORPHWUHVZKLOVWPDLQWDLQLQJRYHUDOOSXEOLF
WUDQVSRUWLVDERXWFKHDSHUWKDQWKHFXUUHQWPRGHO3DVVHQJHUVDOVREHQHILWIURPPXWXDOLQWHUURXWLQJRIOLQHVRQ
VKDUHGVHFWLRQVDQGJXDUDQWHHGFRQWLQXLW\LQWKHHDUO\PRUQLQJDQGHYHQLQJWUDIILFDWWKHSURSRVHGWUDQVIHUSRLQWV$
SXEOLFWUDQVSRUWPRGHOSUHSDUHGLQWKLVZD\FDQEHLQWHJUDWHGLQWRWKH,76ZLWKRXWDSUREOHP
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